Background Data: Povidone-iodine is very effective broad spectrum antiseptic solution against different types of pathogens including methicillin-resistant Staphylococcus aureus and some strains of Enterococcus faecium based on the antiseptic properties of iodine. Purpose: To evaluate the effect of intraoperative 3.35 % povidone-iodine irrigation in lumbar spine fusion surgeries. Study Design: Retrospective clinical case study. Patients and Methods: 93 spine fusion surgeries in 2016 (Group I) and 112 fusion surgeries in 2017 (Group II). Both groups were retrospectively compared regarding infection rate, fusion rate, and Oswestry Disability Index (ODI) score. Group I had intraoperative saline irrigation and Group II was irrigated with 3.35 % povidone-iodine. Results: There were no reported infections in Group II. Two superficial and two deep wound infections were observed in Group I. Complete wound dehiscence was found in one patient with deep wound infection. The pathogens were methicillin-resistant Staphylococcus aureus in two cases, Klebsiella pneumonia in one case, and combination of methicillin-sensitive Staphylococcus aureus and Staphylococcus epidermidis in the last case. There was insignificant difference between the two groups in fusion rates and with no linear correlation relationship between povidone-iodine soaking time and the fusion rate in Group II. There was significant postoperative ODI improvement in the two groups relative to the preoperative scores with insignificant statistical difference when comparing this improvement of the two groups. Conclusion: Povidone-iodine 3.35% irrigation in lumbar spine fusion surgery is effective in decreasing postoperative infection with no negative influence on the fusion rate or clinical outcome. (2019ESJ177)
INTRODUCTION
One of the main sources of wound infection is the air-borne bacteria in the operation room that can reach the surgical wound through air-borne particles or fallen debris. Beside the parenteral antibiotics, this incidental contamination could be cleared with intraoperative wound irrigation using saline, antibiotic solution, or povidone-iodine solution. 16, 18 Choosing an appropriate solution is one of the most important steps in wound irrigation. Normal saline is the most commonly used solution for wound irrigation with the lowest toxicity. Its principle is to dilute not to cleanse contaminants. 9, 22 Povidone-iodine is very effective broad spectrum antiseptic solution against different types of pathogens including highly resistant grampositive bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA) and some strains of Enterococcus faecium based on the antiseptic properties of iodine. 15 The aim of the current study was to evaluate the effect of intraoperative 3.35% povidoneiodine irrigation in lumbar spine fusion surgeries regarding infection rate, fusion rate, and clinical score using Oswestry Disability Index (ODI).
PATIENTS AND METHODS
The study was approved by the Institutional Research Ethics Committee. From January 2016 to December 2016, 93 consecutive spine fusion surgeries were performed including 163 primary instrumented lumbar/lumbosacral levels (Group I), while, in 2017 from January to December, 112 consecutive primary instrumented lumbar/ lumbosacral fusion surgeries with 199 levels were done (Group II).
Surgical indications were lumbosacral degenerative stenosis and/or segmental instability. Patients with rheumatoid arthritis, infectious spondylitis, ankylosing spondylitis, an immune suppressive treatment, patient who had incidental dural tears, and patients who had previous spinal surgery were excluded from the study.
The operative procedures were TLIF and/ or posterolateral instrumented fusion using transpedicular screw fixation system. Informed written consent was signed before participating in the study in Group II. For Group I, the informed written consent for surgery had an additional approval for the use of all data for any upcoming research studies.
All the operations were performed under the same conditions, the same surgical team, the same surgical technique under the same standard operative environment, and the same operating theatre temperature and humidity ranges without laminar flow or body-exhaust suits. Standard aseptic procedures were applied for the skin using povidone-iodine, sterile drapes, and clothes. Gloves were replaced every 2 hours by new pairs.
In Group I, surgical wounds were irrigated prior to bone grafting with normal saline without any additions; the wound was filled and soaked with normal saline; then suction was performed and then soaking and suction were repeated three times. In Group II, provided that dural integrity was preserved and prior to decortication and bone grafting, surgical wounds were irrigated with 3.35 % povidone-iodine solution enough to fill the wound soaking it for few minutes according to the operative time followed by irrigation with normal saline as in Group I.
The time of wound soaking by povidone-iodine solution before suction was variable according to the time of surgery: 1-minute soaking/1 hour of surgical time (soaking time in minutes = surgical time in hours). As this concentration is not commercially available, 3.35 % povidone-iodine solution was prepared by mixing 100 ml of 10% povidone-iodine and 200 ml of normal saline.
Decortication using high speed burr and iliac bone grafting were subsequently done with no more irrigation. Wound was closed in layers and suction drain was applied that was removed in 48 or 72 hours postoperatively when the drained volume in 24 hours was less than 50 ml. According to the infection control unit guidelines in the authors' hospital, preoperative intravenous (1500 mg) amoxicillin-clavunate was administered 30 minutes prior to surgery that was repeated every 3 operative hours; then additional amoxicillin-clavunate (1500 mg/12 h) was given for 72 h postoperative and then oral amoxicillinclavulanate (1000 mg/12 h) for 7 days. Any patients allergic to the amoxicillin received other antibiotics accordingly.
According to infection control unit in our hospital, infection was identified following Centers for Disease Control and Prevention (CDC) criteria for surveillance of Surgical Site Infection (SSI) 2010. 20 There was no difference between the two groups in any infection control cointerventions; both groups have the same antibiotic protocol, diabetic follow-up protocol, and dressings.
Any risk factors for infection such as diabetes mellitus and conditions of immunodeficiency were recorded. Infection was suspected with fever and unusual back pain at the site of the operation, and white blood cell count, erythrocyte sedimentation rate, and C-reactive protein were requested in addition to microbiological cultures from the surgical wounds.
Follow-up was as follows: all patients were planned to be followed up for at least 12 months regarding infection rates and clinical scoring using ODI at 2 weeks, 6 weeks, 3 months, and 6 months. Fusion was assessed at 3, 6, 9, and 12 months of follow-up on plain anteroposterior, lateral, and flexion/extension radiographs. Interbody fusion was considered sound if there were no radiolucent lines, no segment motion, and remodeling of graft with trabeculation and density equal to adjacent vertebrae. In posterolateral fusion, if mature bridging trabeculae with remodeling, no radiolucent lines, and no segment motion on flexion/extension films were reported on radiographs, fusion was considered sound. 17 Fusion was assessed by one musculoskeletal radiology consultant and 3 spine surgeons; two of them were involved in the surgeries.
The recorded clinical data of both groups were compared retrospectively. No a priori power analysis was done. Statistical analysis was done using SPSS, 16 (SPSS Inc., IL, USA). P values less than 0.05 were considered statistically significant.
RESULTS
During follow-up, 3 patients were lost in Group I versus 6 patients in Group II, so the statistical analysis was done on 90 patients (Group I) versus 106 patients (Group II). The mean follow-up was 15.3±1.9 months in Group I and 12.1±2.3 months in Group I. The demographic and operative data are summarized in Table 1 . In Group I, thirteen patients had diabetes mellitus (DM) and fifteen were smokers, while in Group II, twenty patients had DM and twenty-three were smokers with insignificant statistical differences. There were two superficial and two deep wound infections in Group I during the first 2 weeks postoperatively; complete wound dehiscence was found in one patient with deep wound infection in Group I. No infections were reported in Group II.
These four infected patients were operated upon for degenerative stenosis with instability. MRSA was cultured from two diabetic patients and Klebsiella pneumonia from one nondiabetic patient, and the last patient infection was caused by combination of methicillin-sensitive Staphylococcus aureus and Staphylococcus epidermidis and this patient was diabetic and heavy smoker with 23-year history of smoking. All infected patients were treated with thorough debridement and parenteral antibiotics (according to culture/sensitivities) for 6 weeks and then orally for another 6 weeks with strict blood glucose level control in the three diabetic patients. None of them required repeated debridement or implants removal. Complete eradication of infection of all patients was proved by decreasing serial C-reactive protein tests until a negative result and negative microbiological cultures from the surgical wound swabs.
Satisfactory outcome was reached in three patients, while one of the deep infection cases continued to have sciatica with VAS score of 3. His postoperative MRI showed no neurological compression, no implant looseness, and no evidence of fusion at 12-month follow-up. Sciatica improved at 15 months (VAS=0) and incomplete fusion was seen in his plain radiograph at 18-month follow-up. Table 2) . Correlation study between the povidone-iodine soaking time and the fusion rate in Group II showed no linear relationship as the correlation coefficient equal zero (P=0.5) (Figure 1) .
ODI Scoring showed significant postoperative improvement in the two groups relative to the preoperative scores (P<0.0001) (Figure 2 ). ODI improvement was formulated as follows: [pre ODI -post ODI], comparing this improvement of the two groups showed insignificant statistical difference (P=0.374) ( Table 2 ). There were no postoperative new neurologic deficits in both groups. 
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DISCUSSION
Postoperative infection in spine surgery is a devastating complication. It may range from less than 1% to around 10% especially with instrumentation even with strict sterile techniques.
14, 23 Wound irrigation has been widely used with or without antibiotic or antiseptic solutions; however, there is no consensus or universal guidelines for its use in infection control programs for prevention of surgical site infections. 10, 12 In 1980, the effect of wound irrigation using povidone-iodine was studied in gynecologic operations without preoperative prophylactic antibiotics. The study found no significant reduction in wound infections; the concentration of povidone-iodine was not provided. 6 Experimental exposure of postdurotomy spinal cord to 0.1 % povidoneiodine was found to be neurotoxic. It could cause marked hypoxic myelin/axonal degeneration; thus 0.1% povidone-iodine solution should be avoided in wound dressing over any neural structures. 1 In the current study, all the patients received the same preoperative regimen of prophylactic antibiotics and all the patients who had dural tears were excluded to ensure the safety of the neural tissues. Many studies were conducted using povidone-iodine for wound irrigation in different surgical procedures with different concentrations (Table 3) .
Studies did not provide povidone-iodine concentration:
In lumbar disc surgery, 0.8% infections rate was recorded with intraoperative lavage of diluted povidone-iodine versus 2.4% infections rate without lavage; however, the study did not provide the concentration of povidone-iodine solution.
19
In another study on cardiovascular surgery, povidone-iodine irrigation (concentration not provided) was used after repeat sternotomy for postoperative hemorrhage, and no infections were found with povidone-iodine irrigation and 5 out of 22 (22.7%) patients were infected in the nonirrigated patients (P<0.05). 
Studies used povidone-iodine concentration < 1%:
Intraoperative irrigation in cardiopulmonary bypass surgery was studied from July 1987 to June 1989 comparing povidone-iodine 0.5% with normal saline 0.9%. The infection rate of sternotomy wound was 1.1% in povidone-iodine 
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Journal group versus 0.6% and in normal saline group, this difference was insignificant (P=0.16). 8 Another study compared 0.35% povidone-iodine irrigation versus normal saline in spine surgeries and found a significantly higher infection rate in the normal saline group; 6 out of 124 (4.8%) patients had deep infections versus no infection in the povidoneiodine group (P<0.05).
4
Studies used povidone-iodine concentration > 1%: In New York Presbyterian Hospital, a retrospective study was conducted on cranial neurosurgical procedures; wounds were irrigated prior to closure either with 150 cc of gentamycin (80 mg) diluted in 1 liter normal saline or with 150cc diluted betadine mixture 50:50 of 7.5% povidone-iodine and normal saline followed by 150 cc of diluted gentamycin (80 mg). At 1-month follow-up there was no difference in infection rate (1.7% in each group). However, at 90 days, the betadine group had 33% decrease in infection rates: 2.6% versus 3.8% in the antibiotic; group but the P value was insignificant (P=0.527). They recommended a larger sample size study for a significant difference. 13 Wound irrigation in spine surgery was studied using povidone-iodine and hydrogen peroxide solution composed of 10 cc of povidone-iodine 10%, 5 cc of H2O, and 1 cc of H2O2 that is equal to 16 cc of povidone-iodine 6.15%. This study recorded no postoperative infections compared to 7 out of 460 (1.5%) cases in non-irrigated group and considered it effective in reducing the infection rate in spine surgery. However, there was no comment on the fusion rate. 21 The current study used 3.35% povidone-iodine solution for irrigation with no infection 0% versus 4.4% with normal saline irrigation. Although our methods for identification of infection were not prospectively assessed and this might be prone to error, however, our infection control unit strictly followed the Centers for Disease Control and Prevention (CDC) criteria for Surgical Site Infection (SSI) 2010 that was not changed during our study. 20 In an experimental study, embryo chick osteoblast was exposed to different concentrations of Betadine (povidone-iodine) solution ranging from 0.5 to 100% and stated that all povidone-iodine concentrations were cytotoxic to chick osteoblast except the 0.5% solution. 7 By contrast, iodine was claimed to have the ability to activate cytokine secretion from monocytes and macrophages, which in turn stimulate mesenchymal stem cell differentiation into osteoblasts through transforming growth factor-β-1. 3, 11 It was found that povidone-iodine solution can enhance angiogenesis as a toxicity paradox when used for leg ulcers. 5 The concepts of angiogenesis enhancement and osteoblast differentiation could be beneficial for bone healing and fusion.
In the current study, osteogenesis and fusion rates were not affected by 3.35% povidone-iodine solution; basically osteoblast and osteoprogenitor cellular exposure to iodine needs decortication that was done only after povidone-iodine irrigation. There was only one clinical study commented on the effect of povidone-iodine solution on spinal fusion; they used povidone-iodine solution 0.35% concentration and found that this concentration can be used safely in spine surgeries, with no influence on wound healing, bone union, and clinical outcome. 4 The current study used 3.35% povidone-iodine solution for irrigation with no effect on the fusion rate compared to the saline only irrigated group. To the best of the authors' knowledge, no publication to date has studied the effect of 3.35% concentration of povidone-iodine solution on fusion rates in lumbar fusion surgery. As this is a retrospective study, no a priori power analysis was done, and the study might be underpowered.
CONCLUSION
Povidone-iodine 3.35% irrigation in lumbar spine fusion surgery is effective in decreasing postoperative infection with no negative influence on the fusion rate or clinical outcome. A larger prospective randomized study with a priori power analysis is advised for more evaluation of the use of 3.35% povidone-iodine solution for wound irrigation of spinal fusion surgeries.
